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SUMMARY
Therewltsofan investigation
in theLangley1~-fcmtfree-spinning
to supplementtheexistingpublished
ofa Dpecifictailconfiguration
tunnelarepresentedinorder
ataonhingemomentsof
elevatorsandruddersin spins.Einge-momentmeasurementsare
presentedfora balancedelevatorequipped.withtrimtabsandfor
a belencedrudder.Theempennagewasmountedon a fuselagend
investigatedthroughouta rengeof spinningattitude.
Theelevatorhingemomentshadnormalvariationwithsngles
of attack,yaw,anddeflection;butbecauseof thehighenglesof
attackof thetailin spinningattitudes,thebelancedelevekors
hada strongupfloatingtendency,indicatingthatpushforceswould
be generallyrequiredforallelevatordeflectionsbecausethe
elevatorsfloatedtothefull-updeflectionformostconditions.
Theanalysisindicatedthatalthoughtheelevatorbelencewas
effectiveinreducingor eliminatingthepullforcerequiredto
holdtheelevatorup in spinningattitudes,it didnottifectthe
forcerequiredtopushtheelevatortoneutral.Trimtabs,however,
werequiteeffectiveinreducingthehingemamentsrequiredtomove
theelevatortoneutralor downin spinningattitudes. Therudder
hingemomentsweregreatlyaffectedby angleofattackbecauseof
theshieldingeffectof thehorizontaltailandfueelageon the“
rudder;in general,thisshieldingeffecton therudderincreased
withan increaseinangleofattack,as indicatedby thereituctlon
inrudderhingemoments.Therudderbalanceappemedtobe effective
Inreducingtherudderpedal‘forces.At anglesofattackgreater
thana~proximately40°,therudderbecameoverbs,l~lced.
INmoIucTIoN
R-very fromthe8Einisan >qor%nt problemforallairplene
designers,endtalldesi~ hasbee~foundtobe a primaryfackn?
tife.ctlngrecoverycharacteristics,ofan aiqlane. In reference1,
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taildesignis consideredfromthestandpointof effectivenessin
producinga spinrecove~withbutreg~d titheforcesinvolved
inrovingtheoontrols forrecovery.Taildesign,howevereffective,
willnotproducea spinrecoveqyif thecontrolscannotbe moved.
m somecases,theelevator md ruddercontrolforoesnecess~ for
recoveryfromspinsmsy.begreaterthanthepilotcanexertj thus
recove~maynotbe obtainable.
Previouswind-tunnelinvestigationsofhingemomentsinsptnj%fng
attitudeshavebeenoonductedwitha horizontaltailhavingan
elevatorof..variousamountsofbslancemountedon a fuselage
(reference2)and@Lthan isolatedhorizontal+vertical-tailcon bination
havingannnhalancsflelevatorendrudder(reference3). Thelatter
investi~ptioncomreda rangeofhorizontal-tailpositionrelative
totieverticaltail.
In ordertoaddtotheexl&Mngdataonhingemomentsof elevators
andruddersin spins,theresultsofan investigationfora specific
tailconfifT~ration,ln.’&eLaq@ey1~-footfree-spinningtunnelare
madeavailnbloherein,~lacor,trols&aceU testedhadnosebalances
andtheelevatorwasprovidedwithtwosizesof trimtabs.Onlythe
hinge-momentcharacteristicsof thecontrolsurfacesareco~’idered.
COET!!?ICIENTSA D YMBOLS
Che ‘,,
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Chr
He
‘a
P
v
be
Hr
elevatorhinge-momentcoefficient($H qbeEe2)
rudderhinge-m&ent‘coefficient(%/ )qbr~r2
elevatorhingemoment(positivewhenit tendstodepress
theelevatortrailingedge.),foot-pounds
()-c pressure,poundspersq..re”foot.P~
airdensity,slugsperoubicfoot
velocity, feet per second
elevatorspanaLo~
rudderhingemoment
ruddertoleft),
rudderheightslong
root-rnean-sq~e
‘.line),feet ,
.
.
hingeexistfeet
(positi.vewhenittendstodeflect
foot-pounds .
hingeaxis,feet ,.
‘, 4
tiordofelevator(rqarwardofhinge
l’wx TNHo. 1400 3
root-nle.an-equarechordofrudtier(reariiaziiofhinge
ZLne),feet
10Cd. chordof
localchordof
10Cd. chordof
localchordof
horizont.Qtail,feet
elevator (rearwardofhingeline),feet
verticaltail,feet
rudder(rearwardofhingeline),feet
elevatordeflectionwithrespectochordlineof “
stabilizer(positivewhentrailingedgeis deflected
down);degrees
rudder‘deflection”withresp&ctochordline
(positiveW’hentrailingedgeis deflected
degrees
elevatortrim-tabdeflectionwithresmecto
offin
toleft),
chordline
of ele”%.tor(-positivewh& tre,ilin&.edgeis deflected
down),degrees
angleofattackueferredtdchordofhorizontaltill,
flegrees
.,
emgleofyaw (positivewhenQoaeofairplaneiEto
rightoffli@t path),degrees
angleof side~lip(positivewhenrelativewindcomes
froarightofplaneof symmetry),degrees
rateof changeofhinge-momentcoefficientwitiiconirol-
surface deflection ,-
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Apparatus .
ThOfuselageandtailassetilyusedforthesetestswere
constructedat theLangleyLaboratory,oftheNACA. A wingWasnot,
constructedforthe.presehttestsbecauseitwasbelievedthatthe
wingofan ai2pl&neof conventionaldesigninspinningatt.ltudes
wouldnotgreatlyaffectitselevatorsmdrudderhingemoments.
Thetailsurfaceshada modifiedNACA 0009airfoilsection.The
elevatorhad31.8~ercentbalanceandtherudderhad~.9.percent
balance.Boththeelevatorandrudderhadellipticalno~ebalances
and,inaddition,theelevatorwastestedwithtwodifferentsizes
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of trimtabs.!l%econtrolgapsbetweenthefin:andrudder~d the _
stabllizerand:elevatorwereunsealedandwere1.0percentof the
..
.
localchordsof theverticalandhorizontaltails.A three-view
drawingof themodelispresentedinfigure1. Infigure2 is
shorna detailedsketchof theho~zontalandverticaltail”o“brfaces.
Therelativesi,zesoftwoelevatortrimtabstestedarealsoshown
infi’gure“2.‘Thedimen~ionalcharacteristicsof thehorizontaland.
verti,Gd.
me
tailsam premmted
elevatorud rudder
in table1.
Method8
wereheldby frictionclampson the
hingerodsatthedesiredeflectionwhilethetabwasheldat Its
deflectionby thestiffnessoflentaZuminu.mhinges.Alldeflections
weresetby tem@etsO Theelevatorandrudderhingemomentswere
measuredelectricallyb ,straingageQmountedin thewdel. These
gageswerecalibratedby applyinga ~eriesofknownmomentstothe
elevatxxrandtherudder.
Theattitudeof themodelwasva~ed to simulatethesingles
ofattack&nd~ideslipat thetailofanairplaneina spin.The
desiredvaluesof sldeslipwereobtatnedbyyawi~ themodelabout
theqtabilityZ-axis,whichisperpendiculartothevertically
risingairstream.Thestabilityaxesaredei’inedasan orthogonal
systemofaxeshavingtheiroriginat thecenterofgravity and
inwhichtheZ-axisisin theplaneof symmetryandperpendicular
totherelativewind,theX-aXisis In theplaneof symmetryend
perpendiculartotheZ-axis,&d @e Y-axisispe~endiculartothe
planeof symmetry.A sketchof themodelmountedfortestsin the
Lsngl.oy1~-footfree-spinning
Alltestswereconducted
tunneli~presentedinfigure3.
iEsTs
intheLangley15-footfree-spinning
‘tunnelantiweren-deata dynamicpressfieof3 poundsyersquarefoot,
whichcorrespondstoanairspeedof34.2milesperhourunderstandard
sea-levelconditions.Theturbulencefactorofthetunnelwas1.78.
Theanglesofattackae seton themodelrepresenttheangleaof
attackofthehorizontalstabilizer.Tl~ean@ee ofyawae eeton
themodelmaybe interpretedasm@es ,gfeideslipthatwouldbe
encounteredat thetailof.an,@rplane.,tia spiiljtheangleof
sideslipisequalinmagnitude-,~ we an@e ofyawbuthasthe
opposite,Signl .,
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Elevatc&Hinge-MdmqntTests
—
Theelevatorhtige-momentestsweremadethrougha rangeof
angleofattackfromXl0 to70°i1310°”increments;theeleva~r
deflectionswere-30°,-10°,0°,and‘~”. Foreachangleof attack
themodelwasarbitrarilytestedatanglesofyawof0°,-10°,
and-20°.Theelevatorhinge-momenttestswereconductedwtththe
rudderatneutral.;andas therewasno finoffset,rOSUlt8 obtained
withthemodelyawedto the.leftwereconsideredapplicableforthe
correspondingconditionsof themodelyawedto theright.
Twosizesofelevatortrimtabsweretested:a smalltab,the
areaofwhichwa~.1.l.~peroentof theelevatorarea(behindhinge
line),anda largetab,theareaofwhichwas%.60 Percentofthe
elevatorsxea(behindhingeline).Thesmalltabwasde~lected14°
and20°up andthelargetabwasdeflected14°up.
. . ,,
RudderHinge-MomentTests
Therudderhinge-mqmenttestsweremadethrou$ha range of
angle of attackfrom20‘Oto70°in10°Incrementsat rudder
deflectionsof0°,-12.5, and-25°andat elevatordeflections-
of 20°,0°,and-30°.Also,foreachan@e ofattack,theangle
ofyawwasvariedfrom20°”to-22°in10 incrementsThea~’~
be interpretedasrepresentativeofrudder-withorrudder-against
spins.TableIIshowsindetailhowthev@.ousfiguresmaybe
consideredto.repre”sent~fferentspinningconditions.Forexample,
,, a positivesngl.eofyawwithrightrudder(negativedeflection)
maybe consideredasropresentatlveofoutwccrdsideslipina right
spinwithrudderwiththes@n,orof inwardsideslipina leftSPin
w$thrudderagainst.thespin. Similarly,a negativeangleofyaw
withrightruddermaybe consideredrepresentativeof inwardsi~eslip
ina ri~t spin-withridderwiththespinorof outwardsideslipin
a leftspin.with~dder against thespin.As previouslymentioned,
themodelhadno firioffsetand,therefore,theresfitsobtainedwl*
a negativerudderdeflectionmayEdSObe considered.as representative
of~ositivei?udderdeflectionprovidedtherudderhinge-moment-
coefficien%signsarereversed.
CORRECTIONS .
..
Inasmuchas thesize,ofthetailsurfaces.bf themodelwas
relativelysmallcomparedwiththediameterof tietunnel.$no
correctionsweremadefortheeffectof thewallson thetailsurfaces-
Interferenceeffectsofthemodelmountingstruthavealsobeen
neglected.Theanalysisof thehinge-momentdatawasbasedon
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aerodynamicforcesontheelevatorandrudder;no correction~were
madefortheeffectsofanyfrictionalorcentrifugal.forceswhich
mayexiston theairplanecontrolsurfacesin
RFEXJLTSANDMSCUSSION
ElevatorHinge,Motuents
,
Elevatorhinge-momentcoefficientasa func~fonofangleof
attackatanglesofyawof’.O,O,-10°,end-20°sndatvariouselevator
settingsispresentedinfigure4. Thisfigureshowsthatthe
elevatorhinge-momentcoefficientsweregeneral~”negat+lvoand
becamemorenegativeas theangleof attackincreased(thatis,
greatertende”ncyforthe.elavatortofloatup);consequently,push
f,orceswouldbe requiredina spintodeflectheelevatortoany
positionotherthenfullup. TheS1OPOof thecurveofelevator
hinge-momentcoefficientforvariouselevatordeflectionsremained
negativeforallconditionstested.Theeffectofnosebalanceon
theelevatorhingemomentsmayhe seeninfigure5,whichgivesa
comparisonofthehinge-momentcoefficientsof the%alancedelevator
in thepresentpaperwiththose.ofa plainandbalancedelevator
inreference2. Itwillbe seenthattheelevatorbalancereduced
thevariationof.hingemomentwitlnelevatordeflection(be= -30°)
butdidnotreducethehingemomentswith0° elevatordeflectionfor
theanglesofattacktested.Thenegativehinge-momentcoefficients
witheithertypeelevatoratneutraldefloctlonwerequitehighin
thisrcmgeofangleofattack,probablyecauseofa flatteningof’the
chordwisepressuregradientof thehorizontaltailwitha resullxmt
“’r6arwardshiftincenterofpressurewhentheangles”ofattackof
thetailsurfaceQexceededtilestallingangle.Th6over-alleffect
of:.thebalanceinreducin~pushforcesontheelevatorequiredfor
spinrecoverywas tiereforeslight.Thelergeatelevatorforces
willoccuratthe.lowestangleofattackof thetailin the’spin
becauseas theangleofattackdecrease6therateof descentof the
spinningairplanegreatlyincreaseswitha consequentlargeincreme
in dynamicpressurefor thelowanglesOf attack(reference3).
Theelewatorhinge-momentcoefficientvariedon~yslightly
withan@.eofyaw. Theeffectofrudderdeflection theele’?ator
hingemomentswasnotdetermined,butit isbelievedMat theeffact
wouldhavebeensmall.
Incrementsof elevatorhinge-momentcoefficientcau~ed.by upward
trim-tabdeflectionsa functionsofangleofal,tackatmriouB
elevatordeflectionsarepresentedin figure6. Itappearsthattibs
canbe usedas trimmingdevices in a spinbeca~se.theytilntaintheir
effectivenessinchangingtieelevatorWingo-mmentcoefficientsat
anglesabovethestallin thespinningrange.Upward(negative”)’
. .’
.
.
.
l
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deflectlonofthetabtendstoreducethe
theelevatorina spinand,consequently,
lowered.Thetabswerem=t effectivein
freeupfloatfngangle
thestickforcesare
changingtheelevator
of
hinge-msmentcoefficientswhentheelevatorwasz&dmal.endbecame
lessefi’activeas theelevatcrwasdeflectedineitherdirection.
Theeffwtivensssof thesmalltab,ingetieral,remainedapproximately
Constant throughout tie angle-of-attack range. The effectivenessof
thelargetabyhawever,decreasedappreciablywithan increasein
angleofattackfrom20°to70°althoughevenwiuhthisdecreaa6the
effectivenessof i+e largetabstillremainedgreaterthanthator
thosmalltabat thehighestanglesofattacktested.hcreasing
thedeflectionof thesmall tab fi~m14°toG’O@up (fig.7)hadno
appreciableeffecton tineincretientsof elevatorhinge-momentcoefficient.
.,
RudderHingeMomentd
IW@lerhinge-moment,coefficientsplottedagainstangleofattack
forvarious.ang.lesofyawandrudderdeflecti.hnsareyresentedin
figure8. T-ngeneral}the~hieldingeffectof thehorizontaltail
andfuselageon therudderincreasedwi’than increasefian~e of —
attack(asindicatedby a re&ctioninhingemoments),whichresult
a~”eeawiththeresultsobtainedin reference 3. Theincreasein
Shielding.withangleofattackisexplainableas a resultof the
movementcf thewakeof thehorizontal&il as theangleofattack
increases.mis w&e encompassesonlythe-lowersndrearirardseckiofis
of therudderat lowu,nglesofattackmd movesupward.andforward
as theeagle”ofattackincreaseswiththefrontof tiewakeboundary
pivotingabouttheleadingedgeof thestabilizer. .
Theeffectofnosebslanc6’ontherudderhingemomentsmaybe
seeninfigu+’e9, which~ves a compariscmbetweenthehinge-mment
coefficientsof thebahncedrudderfromthepresentpaperwith
thoseof theunbalanced~d~r obtafnedfromreference3. Fromthis
comparison,.theaerodynamicbalanceappearedtobe effectivein
reducingtherudderh~ge moments.As fortheelevator,thehighest
?nzdderpedalforce~wouldbe encounteredat thelowestanglesofattack
of thespin.Forlowspinninganglesof attack(~” and30°),
% fortherudderwasnegative.Whentheangleofattaokwasincreaeedabove@o, however,C% generallybecamepositive;
thisresultindicatesthattherudderhadbecomeoverbalanced.This
overbalanceiaa reaul+;of thepreviouslymentionedshieldingeffect
of thehorizon&zltailon therudderandthepreskureUs”tribution
overtheunahiel.ded.sectionof therudder.Thischaracteristicis
undealra~lebutmaynot.be objectionablein-asnmchas theforces
wouldnormallybe lcwbecauseof thelowrateof-d6scentat these
highangleaof attack.
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Ap@ic,ltionfHirqy-MomentData
By themethodpresentedinreference3, the a??l?roxiuteru~er
pedalforcesrequiredto.reversetheru?derina spincanbe calcu-
latedforan airplanehavingapproximatelythesamepercentage
!,” rudderIxi@nceandtailcac??igurationas thepresentonete~ted
yrovidedtheangleofattackend.sideslipin thespinareknown.
Theapproximateelevatorstickforcescanbe estimatedby
employingthesamemethodsusedforthecalculationfrudderpedal
forcesinreference3 provj.deiitheelevatorcharacteristicsare
substitutedin theformnla~
CONCLUS1ONS
Thefollowingconclusionsarebasedontheresultsof an
investigationto determinetilehinge-momentcharacteristicsofa
balancedelevatormd a halencedruddermountedon a fueelageIn
attitudasemulatingspinconditionswithoutregardtotheeffective-
nessof thecontrolsurfacesinproducinga recove~: .
S. Theelevatorhinge-momentcoefficientsvariednormallywith
anglesof attack,yaw,anddeflection;butbecauseofthehighangles -
of attackof‘thetailin spinningattitudes,theelevatorehada
‘strongupfloatingtendencyandpushforceswererequiredtodeflect
theelevators.
2. The el~vator bzdancewaseffectiveinreducingoreliminating
thepullforcewhichwoult.berequiredtoholdtieelevatorup In
spinnin$attitudesbutdldnotaffecttheforcerequiredtopush
theelevatortaneutrel.
3. Trimta%swerequiteeffectiveinreducingthehingemr,ments
requiredtomovetheelevatortoneuthal.or downinspinningattitudes.
4.Theshieldingeffectof thehorizontaltailandfwelageon
therudderincreasedwithan increasein an@.eofattack,asInticated
by thereductioninrudderQlnge,momenta.
..
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,“ 5.ome ~dderba-ce appe?wedtobe effectiveinreducingthe
rudderpedalforces”.” At englesof attackgreaterthanapproxi-
matelyko”,the derbecameoverbalanced.
. Le.n&yMem6rial@rotiuticd.Laboratory
~ationalAdvis6ryComnitteeforAeronautics
,.*, .Lan&ey’Field,Vs.,June9, 1947,.
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TABLE1,=DIMENSIONAL
Eori zontal tail wrfaces:
03’HORIZONTALNDVNRTICKLTAILS
.
Totalarea,shin..... ..........~~$~~ .Q. .l&7Q~
Tailspsn(projected), in. . . . . . . . . . , O*4Q Q** ’26lo
Dihedraloftail$deg... . . . . . . . . . . ...* ,.. 10.0
TotalelevatorareareWWWd of hinge”line,sq tn~ ~ ~. ~ . . 39_16
Balancearea,percent’of elevatorarearearward ‘ ‘
ofhingelinec ~.. .~.c.”..~.~g ,..9 l **C 31.8
Eleva-&root-mean-squazwchordbasedonactwl
elevatorspan,in... .. QCOBC. $e*po Qg@* 2.13
Actualspsuofbothelevatorsalonghingeaxts,in. t , , s 19lk(l
Smalltabarea(tot~),sqin..ti. . . ? . . ?Qt~9@** 1}.~
Smalltabarea,percentof elevatorarearearward
dfhimgellne. . . . . ......~.~.t-o .S@~..ll@
Le&getibarea(total),sqin.. . . .,*. . osQ~c*’.* I.().00
Lsrgetabarea,percentof elevatorarea rearward ‘
ofhingeline-.... .....~o..~~. ~s... * .60
Verticaltailsurface$:“
Totalarea,shin.’.@.. . . . . . . . . . . . .. ,., .90014
Totalrudderarearearwardofhingeline,sqin,, s ? l . . 40.7
Balancearea,percentofrudderarearearwardOrhinge3ine0 q99 -
~dder root-mean-squarechord,in.. l l . . l . . . l s . Q
., 3.76
Rudderheightalongh- ~ine,in. . . . , . s9@*0*Q 10l75 .
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TABLEII.- Imm?REmTIm OF RUDDEREuJGE-~-comIcm CuRvE3
FOR RIG3TaR12F1’sHw
Rudder deflection, 5r mrectlonofSidesli.pP (rightSpin)b
WithSpti o Outi Ir(waxd
Neuw o Outwmxl Inward
Againstepina o mws.rd outward
DllwctionfSiaeslip (lettspin)~
llithapina o Outwerd nlwm?d
Neutral o reward Outlmla
AgainstSpin o ulwsrd outward
ReadChr from
figures.- 8(c) 8(a)end8(b) 8(d)sml8(e)
%Ignofrudbrhinge-mxwmtooefftcient,Mection, andsngleofyawmustbe
reversedforthiscondiMon.
%deslipatthetalloftheairplaneisoppositeh signend@ inm@ltude
tovaluesof w presentedjnf@reB.
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Figure 3.- Modelmountedin Langley 15-foot free-spinningtunnel
in anattitudesimulatinga spin. Arrows indicatepositive values
of angles.
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Figure 5.- Comparisonof elevatorhinge-momentcoefficients
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Figure 8.- Rudderhinge-momentcoefficientas a functionof zmgleof
attackfor variousanglesof “yawandrudderdeflections.
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